Background
==========

Falls and fall-related injuries are a common and serious problem among older adults as such events can result in disability, chronic pain, loss of independence, a reduced quality of life, and in severe cases, even death \[[@B1]\]. Falls among adults aged 65 or more years are three times more frequent for those who live in institutional settings than those living in the community \[[@B2]\]. In Canada approximately 7.4% of older adults who are 65 or more years of age live in institutional settings yet this group experiences 21% of all fall-related hospitalizations. Also, more than 75% of all fall-related injuries for this group were to a major joint, femur, pelvis, hip or thigh \[[@B3]\].

Many factors are associated with falls. This high propensity for falls and fall-related injury in the elderly, especially in institutional settings, is likely related to a higher prevalence of co-morbid diseases as well as physiological and cognitive decline associated with aging. Falls in institutions result from a complex interaction between individual specific or intrinsic risk factors, extrinsic factors pertaining to the physical environment, and the person's own risk taking behaviour \[[@B4]\].

Another important aspect to be considered is recurrent falls. Studies have found that approximately 50% of all long-term care (LTC) home residents fall each year, and of these, 40% fall twice or more each year \[[@B5],[@B6]\]. Risk factors associated with recurrent falls are similar to those of single falls \[[@B7]\] but because recurrent fallers are more likely to experience injury from repeated episodes, they constitute an important group to target for preventive efforts \[[@B8]\].

Walkers, canes and other mobility aids can improve balance and gait safety among older adults. However, the use of such devices is also associated with an increased risk of falling \[[@B9]\]. Walkers that are the wrong size, are used improperly, or are in a poor state of repair can contribute to unsafe mobility \[[@B10]\]. Among LTC home residents, use of a cane/walker was found to be independently associated with falling \[[@B6],[@B11]\]. However, few Canadian studies have explored the impact of walkers on the risk of recurrent falling and injury \[[@B12]\].

Falls are a major problem in geriatric care and the most commonly reported patient/resident safety incidents \[[@B13]\]. Health care for older adults can be offered in a wide range of settings including geriatric rehabilitation units, psycho-geriatric wards, and LTC facilities. Fall incidence rates vary by health care setting, likely reflecting differences in patient population characteristics and activity patterns \[[@B14]\].

All health care settings are charged with keeping patients/residents safe and implementing fall prevention/reduction strategies. In the report "Prevention of Falls in Long-Term Care Facilities" \[[@B15]\], the Canadian Task Force on Preventive Health Care recommends comprehensive and individualized assessment of the broad range of extrinsic and intrinsic risk factors for falls for all persons at time of admission to LTC, following which multifactorial intervention programs, tailored to reduce extrinsic and intrinsic fall risk factors for each resident, should be implemented. Residents should also be reassessed after a fall, and interventions modified to address identified risk factors. The above recommendations are supported by the Registered Nurses' Association of Ontario (RNAO) in their Best Practice Guidelines for Prevention of Falls and Fall Injuries in the Older Adult, (2005) \[[@B13]\] and by the Ontario Ministry of Health and Long-term Care in their Long-Term Care Homes Act, (2007) \[[@B16]\]. Most health care facilities have implemented fall risk reduction programs. It is impossible to prevent all falls and some still occur. Some are due to random and unpredictable circumstances and events and thus extremely challenging to prevent. If, however, a patient is experiencing recurrent falling this suggests a more individualized approach is needed. It would be useful, however, if patterns that predict recurrent fallers could be discerned and acted upon to prevent the recurrent falls. The type of information and how it is collected are critical if patterns are to be detected and acted upon. It is also likely that data will need to be collected on non-fallers and single fallers for comparative purposes.

The purpose of this exploratory pilot study was to examine whether factors associated with repeat falls can be identified and if they differ across health care settings or if there are common issues independent of setting. For this reason we have deliberately selected two quite disparate care settings for elderly people.

Methods
=======

The study was conducted at a hospital in a major urban centre in Ontario which provides both geriatric rehabilitation and long term care. This hospital has a number of units specific to client needs. For this study fall events on two units were examined. The Geriatric Rehabilitation Unit (GRU), a 50 bed unit with an average occupancy of 93.0%, provides rehabilitation services to older patients, a large proportion of whom have musculoskeletal (orthopaedic) health issues. Many on this unit are aged, frail and have multiple co-morbidities. The majority of patients are discharged home but a minority go to long term care institutions. Fall events were also examined on a long-stay Veterans' Unit (LSVU) which serves the needs of older veterans, mostly men, who require residential care. The unit has 80 beds with an average occupancy of 80.9%. Residents are for the most part mobile, rarely confined to bed and usually remain for the rest of their lives.

In order to develop a better understanding of adverse events including falls, a new incident reporting measure that provided more fall event descriptors, was developed in 2006. During the pilot testing of this new tool, information was collected on paper and then entered into an electronic database. A secondary data analysis was conducted using this database to examine the type and frequency of falls and fall-related injuries among older adults receiving care on the two study units.

Past fall frequency information suggested that two years of data would be needed to compare fall events between the two groups. Thus, data on all patients who were on these two units between October 2006 and September 2008 and who had sustained a fall were extracted from the overall incident database for analysis. Variables included a patient identifier, unit, age, time of day of first fall, reported use of mobility aid, and whether or not the person sustained an injury. Gender was not available from the incident database but was added based on information in the client record. In addition, length of stay for all patients who had been on these two units during the study period was collected.

Statistical analyses
--------------------

First, the information captured in the study database was examined to make sure that it included fall events specific to the research question. Then, repeat fallers were identified and factors associated with the first fall event were examined. Pearson Chi-Square tests were used to identify significant differences between the two units with regard to gender, injury sustained at time of fall, gait aid listed at time of fall, and time of day of fall. T-tests were used to examine unit differences by age and number of falls.

Following this, multivariate binary logistic regression analysis was conducted to identify factors associated with repeat fallers. Anyone who fell more than one time during their length of stay, irrespective of the duration of stay, was classified as a repeat faller. Categorical variables with more than two categories were re-coded as dummy variables. Variables were entered sequentially in blocks (Step 1: use of gait aid; Step 2: hospital unit; Step 3: age and gender; Step 4: injury and time of day of first fall). The Hosmer and Lemeshow Chi-square Test of Goodness of Fit was used to test the overall fit of each regression model \[[@B17]\]. A similar approach was used to build a model for each unit separately. Statistical tests were based on a two-tailed level of significance, with an alpha value of 0.05. The analysis was conducted using SPSS version 18.

The study was approved by The University of Western Ontario Review Board for Health Science Research Involving Human Subjects.

Results
=======

The original data file with 590 fall events included falls that happened to those who were less than 65 years of age (22 events) and 10 near-misses (defined as an event or incident that could have resulted in a fall, but did not, either by chance or timely intervention). These fall events were excluded from the study data file. In addition, data were missing for an additional 13 fall events. The final data file used for this study included descriptors of 545 fall events that occurred to 223 people.

The characteristics of everyone who had received care on either the GRU or the LSVU during the study period were reviewed. Twice as many females (F) were admitted to the GRU than males (M) (F: 526 or 66.8% vs. M: 261 or 33.2%). On the LSVU, there were many more males than females, as expected given the population served (older war veterans) (M: 96 or 91.4% vs. F: 9 or 8.6%). Residents on the LSVU had a much longer mean length of stay than patients on the GRU (LSVU: 714 days; GRU: 40 days). The mean age of residents on the LSVU was greater than that of patients on the GRU (LSVU: 87.3 years; GRU: 81.4 years). As well, the overall fall rate on the GRU during the study period was 7.7 falls per 1,000 patient days while the overall fall rate on the LSVU during the study period was 6.1 falls per 1,000 patient days.

As seen in Table [1](#T1){ref-type="table"}, LSVU fallers were significantly older than those who fell while on the GRU (87.4 vs. 82.0 years, T = −5.51, p \< 0.000), probably reflecting the differing age composition of the units. As well, more of the fallers on the GRU were using a walker at the time of the first fall (GRU: 65.5%; LSVU: 37.2%) than fallers on the LSVU. It is also notable that on the LSVU single fall incidents were recorded for only 29.5% of the fallers when compared to the GRU where the majority of fallers (68.3%) fell only once. In addition, a third (33.4%) of those who fell on the LSVU fell five or more times in comparison to the GRU where only 5.5% of the fallers sustained five or more falls.

###### 

Characteristics of fallers on the GRU and LSVU

                                                   **On GRU**   **On LSVU**             **Tests of significance**
  ----------------------------------------------- ------------ ------------- -----------------------------------------------
  *Gender:* count (%)                                                         Pearson Chi-square = 40.26, 1df, *p* \< 0.000
  Male                                             65 (44.8%)   69 (88.5%)   
  Female                                           80 (55.2%)    9 (11.5%)   
  *Age*                                                                                              
  Mean age in years (SD)                           82.0 (7.9)   87.4 (4.7)             T-test = −5.51 *p* \< 0.000
  *Falls:* count (%)                                                                                 
  Fell once                                        99 (68.3%)   23 (29.5%)                           
  Fell twice                                       22 (15.2%)   17 (21.8%)   
  Fell 3 times                                     13 (9.0%)     8 (10.3%)   
  Fell \> 3 times                                  11 (7.5%)    30 (38.4%)   
  Total number of falls                               249           296                 T-test = −4.94 p \< 0.000
  Mean number of falls per person (SD)             1.7 (1.5)     3.8 (3.5)   
  *By gait aids listed at time of fall*                                                              
  No gait aids (cane, walker or wheelchair)        44 (30.3%)   30 (38.5%)    Pearson Chi-square = 28.41, 3df, *p* \< 0.000
  Cane only no walker or wheelchair                 0 (0.0%)     5 (6.4%)    
  Walker, with/without cane or wheelchair          95 (65.5%)   29 (37.2%)   
  Wheelchair only, no cane or walker                6 (4.1%)    14 (17.9%)   
  *Fallers by time of day of fall*                                                                   
  Midnight to 3:59 a.m.                            37 (25.5%)   13 (16.7%)    Pearson Chi-square = 15.0, 5df, *p* \< 0.010
  4:00 a.m. to 7:59 a.m.                           25 (17.2%)   11 (14.1%)   
  8:00 a.m. to 11:59 a.m.                          17 (11.7%)   13 (16.7%)   
  Noon to 3:59 p.m.                                25 (17.2%)    7 (9.0%)    
  4:00 p.m. to 7:59 p.m.                           28 (19.3%)   14 (17.9%)   
  8:00 p.m. to 11:59 p.m.                          13 (9.0%)    20 (25.6%)   
  *Fallers by injury sustained at time of fall*                                Pearson Chi- square = 5.99, 1df, p \< 0.014
  Yes                                              57 (39.3%)   44 (56.4%)   
  No                                               88 (60.7%)   34 (43.6%)                           

*Note*: GRU: Geriatric Rehabilitation Unit; LSVU: long-stay Veterans' Unit; SD: standard deviation.

As the people in these two settings significantly differed with respect to many key factors associated with repeat falling (e.g.: length of stay), further analyses comparing single fallers with repeat fallers were done by unit. For patients on the GRU, age reached statistical significance (Odds ratio: 1.05; 95% confidence interval: 1.000 -- 1.102, p = 0.049) (see Table [2](#T2){ref-type="table"}). Further, gender almost reached statistical significance (Odds ratio: 0.48; 95% confidence interval: 0.22-1.04, p = 0.06), suggesting that the odds of males being repeat fallers are 1/0.48 or 2.1 times the odds of females being repeat fallers on the GRU. However, among fallers on the LSVU, none of the study variables were significantly associated with repeat falls although there was some suggestion that time of day of first fall may be associated with repeat falls (see Table [3](#T3){ref-type="table"}). The use of a walker was not associated with repeat falling on either unit.

###### 

Factors associated with repeat fallers on GRU: logistic regression analysis

  **Predictor variables**                   **Odds ratio**   **Sig.**   **95% C.I.**  
  ---------------------------------------- ---------------- ---------- -------------- -------
  No gait aids (ref)                              \-          0.348          \-         \-
  Walker with/without cane or wheelchair        0.615         0.244        0.272       1.392
  Wheelchair only                               0.271         0.272        0.027       2.776
  Age                                           1.050         0.049        1.000       1.102
  Gender (ref = male)                           0.482         0.063        0.223       1.040
  Injury                                        0.819         0.612        0.378       1.772
  Midnight to 3.59 a.m. (ref)                     \-          0.886          \-         \-
  4.00 a.m. to 7.59 a.m.                        0.888         0.842        0.278       2.839
  8.00 a.m. to 11.59 a.m.                       0.670         0.566        0.171       2.629
  Noon to 3.59 p.m.                             0.768         0.664        0.234       2.525
  4.00 p.m. to 7.59 p.m.                        0.997         0.996        0.333       2.989
  8.00 p.m. to 11.59 p.m.                       1.802         0.398        0.460       7.065

ref = reference category.

95% C.I. = 95% confidence interval around the odds ratio.

GRU = Geriatric rehabilitation unit.

###### 

Factors associated with repeat fallers on LSVU: logistic regression analysis

  **Predictor variables**                   **Odds ratio**   **Sig.**   **95% C.I.**  
  ---------------------------------------- ---------------- ---------- -------------- ---------
  No gait aids (ref)                              \-          0.416          \-          \-
  Cane only                                     3.921         0.320        0.266       57.835
  Walker with/without cane or wheelchair        0.711         0.627        0.180        2.815
  Wheelchair only                               2.681         0.249        0.501       14.343
  Age                                           1.002         0.979        0.884        1.135
  Gender (ref = male)                           0.639         0.615        0.111        3.666
  Injury                                        1.039         0.948        0.325        3.323
  Midnight to 3:59 a.m. (ref)                     \-          0.090          \-          \-
  4:00 a.m. to 7:59 a.m.                        13.052        0.019        1.538       110.765
  8:00 a.m. to 11:59 a.m.                       13.246        0.016        1.611       108.876
  Noon to 3:59 p.m.                             2.188         0.457        0.278       17.224
  4:00 p.m. to 7:59 p.m.                        6.143         0.068        0.874       43.150
  8:00 p.m. to 11:59 p.m.                       11.811        0.009        1.866       74.756

ref = reference category.

95% C.I. = 95% confidence interval around the odds ratio.

LSVU = Long-stay veterans' unit.

Sig: Level of significance.

Discussion
==========

This study has attempted to compare two quite different types of geriatric units in order to explore the issue of repeat fallers in two such different settings. Given that fall prevention strategies were already in place in both settings, this study may provide some insight into how to focus a secondary wave of fall prevention in different settings.

Factors associated with repeat falls differed by unit. Among fallers on the GRU, only age reached statistical significance for repeat falls but only at the 0.05 level, which given the large number of comparisons made, needs to be viewed with caution. The GRU may be seen as a very high risk environment, given that many of the patients have been admitted from an acute care hospital and most are deconditioned as well as carrying the burden of their recent illness. This is reflected in their high rate of first falls. For such a population the adoption of universal prevention measures is indicated. However, falls and repeat falls do occur and the risk of repeat falling appears to be greatest in the very old. Further fall prevention strategies may need to be specifically designed for, and more focused on, the older GRU patients, who are likely to be frailer and possibly sicker. A study of the factors operating in the very old may need to be undertaken to identify potentially modifiable factors to guide more specific interventions in these people.

Among fallers on the LSVU, none of the study variables were significantly associated with repeat falls. However, it is noteworthy that while falling on the LSVU was less common, repeat falling was more so. These patients are medically more stable and likely more independently mobile. Under these circumstances, residents who fall despite the presence of generic prevention programs, seem to identify themselves as being at high risk for repeat falling. One question raised by these results is whether a more generic falls prevention program is likely to be sufficient in such a setting or whether, in such a setting, individualized efforts should focus on first time fallers, with the goal being to determine the cause of the fall in order to reduce the risk of another fall. In a way one is relying on the patients to declare themselves at risk by falling once, and they can potentially be seen as people for whom the generic programs are insufficient. Of some reassurance is the observation that the risk of serious injury in the first fall was low.

The present study did not find any association between having a walker listed as a gait aid on the Incident Reporting Tool at time of first fall and repeat falling. However, it could not be determined if the fall was sustained while actually using a walker or if the fall event occurred in a patient who usually uses a walker but was not using their walker as prescribed. In a previous study it was shown that the use of a walker may be an added risk factor for falling in people living alone, the assumption being that if you live alone you may have to perform activities yourself for which a walker is a hazard \[[@B18]\]. Whether similar situations exist in these care settings is not known. This uncertainty points to the need for further research on the use/non-use of the mobility aid at the time of the fall and the associated patient activities.

This study suggests that some repeat fall prevention strategies should be specific to the person (e.g., greater attention to older GRU patients), some strategies should be unit (population) specific (e.g., higher risks at certain times of day on the LSVU) and these are in addition to global strategies that are in place to enhance safety and reduce falls risk across the institutional setting (e.g. assessment and incident recording protocols). Strategies that include a comprehensive fall risk assessment which focused on the common and recognized extrinsic and intrinsic risk factors for all persons at time of admission, as suggested by the Canadian Task Force on Preventive Health Care, may reduce falls and perhaps also repeat falls. The impact of such a strategy has already been demonstrated in randomized control trials conducted in LTC settings \[[@B19]\] and in sub-acute rehabilitation settings \[[@B20]\].

There is emerging evidence that fall risk profiles and evidence-based approaches to intervention differ considerably among different geriatric care settings \[[@B14],[@B21],[@B22]\]. These differences in risk factors and risk profiles may be attributable to differences in the type of setting, the measurement tools used, the population demographics and characteristics with a few risk factors inherent for that particular setting \[[@B23]\].

Given that our study was conducted in units where fall prevention programs are in place, but falls still occur, this may speak to the need for a secondary phase of interventions at a more individual level directed to those for whom the global interventions are insufficient. The identification of factors which might predict further falling in those who have fallen once may allow more focused attention on those so identified in order to reduce future risk.

Study limitations
-----------------

The present study has several limitations. Data from the pilot version of the Incident Reporting Tool were used to identify factors associated with repeat fall events. However, some of the data elements were not included or were incorrectly coded in this new tool. Level of incident (near-miss or actual fall event) was not consistently captured and gender of the patient/resident who fell, a factor known to be associated with repeat falls, was not included. Individual-specific dates of admission and discharge were also not available, thereby limiting assessment of exposure to fall risk (i.e. length of stay). Such data need to be added later. In addition, retrospective analysis of data using incident reports has been known to be confounded by issues of partial recording and under-reporting and by the fact that such tools were not designed specifically for research. However, they are a valuable source of information as they can be examined to identify population specific risk factors for falls, which can be utilized for targeted fall prevention strategies \[[@B4]\].

As well it was challenging to interpret some of the information. For example, it was not clear if the person was actually using the walker as a gait aid when s/he experienced the fall. While there is a team debrief following each fall event that likely captures a number of contextual factors, this information is not recorded in this database. Variables shown by the literature as being key to understanding repeat fall events such as mobility deficits, cognitive issues, and medications taken within the last 24 hours were not included in this version of the database thereby limiting a greater exploration of relationships among the predictor variables. Moreover, interpretation is difficult without control data drawn from the non-fallers on the units.

Finally, despite using two years of data, unit specific analyses lacked power.

Conclusions
===========

This study attempted to identify patterns among repeat fallers in diverse geriatric patient populations. However, this goal was met with only modest success. Among fallers on the GRU, only age reached statistical significance for repeat falls. Further, on the LSVU, none of the study variables were significantly associated with repeat falls, although time of day may be worth further exploration. Better information collection with a specific focus on the issue of repeat falls may be more successful in identifying the fall-related risk factors and subsequently developing targeted interventions.

Further information on the use of mobility aids and repeat falls is needed. Prospective studies could be conducted in different geriatric care settings to compare people who were using gait aids at the time of fall with those not using them, including those who should have been using them and those for whom they were not prescribed.

Competing interests
===================

The authors declare that they have no competing interests.

Authors' contributions
======================

HT carried out the study and participated in conceptualization of the study, acquisition of data, analysis and interpretation of data and drafting the manuscript. MK supervised the carrying out of the study and participated in study conceptualization, design, coordination, data interpretation and manuscript revision. RGC participated in study conceptualization, design, data interpretation and manuscript revision. IG participated in study conceptualization, design, performed data analysis and interpretation and participated in manuscript revision. MG participated in study design, data interpretation and manuscript revision. All authors read and approved the final manuscript.

Pre-publication history
=======================

The pre-publication history for this paper can be accessed here:

<http://www.biomedcentral.com/1471-2318/13/106/prepub>

Acknowledgements
================

We wish to acknowledge Heather McHale, Consultant, Quality Measurement and Clinical Decision Support, St. Joseph's Health Care, London, who provided expertise for the research team regarding the use of the study data file and assistance in the interpretation of data analyses. We would also like to acknowledge Quality Measurement and Clinical Decision Support for supplying the data file.
